São Paulo State is the main sugar cane producer and these agricultural activities are carried out in predominantly sandy soils, which require large amounts of phosphate fertilizers and amendments. This work evaluated the fertilizer-effect on the Al, Ba, Fe, Mn and Ni released in a watershed with influence of sugar cane crops in the São
Introduction
Over the past centuries, Brazil's Southeast and Midwest regions have undergone various environmental impacts associated with land use changes, mainly due to the removal of natural vegetation of the Cerrado region for agropastoral activities and coffee cultivation in the nineteenth century. In the twentieth century these activities were replaced by sugar cane crops which are widely used for ethanol production, a biofuel that is being used to replace gasoline in several Brazilian States. In the 1980s, after the Federal Government implemented the National Alcohol Program (PROALCÓOL), the sugar cane production areas expanded by more than 3 million hectares in the Central Southern regions of Brazil, while still requiring an additional 7 million hectares of sugar cane plantations for the ethanol supply in Brazil by 2021 [1] . The São Paulo State accounts for 52% of Brazil's sugar cane production [2] ; most of this production occurs in sandy soil areas derived from sedimentary rocks of the Paraná Sedimentary Basin, specifically in the São Bento and Bauru groups.
The soils derived from these groups are composed mainly of quartz and hence have low agricultural productivity. Consequently, the sugar cane crops require large amounts of phosphate fertilizer applications (NPK-5:25:25) and amendments, such as KCl, limestone and phosphogypsum. These materials are water soluble and, consequently, can result in several metal leaching processes (i.e. Al, Ba, Fe, Mn and Ni) [3] , including radioactive elements [4] , in the surface waters from a watershed. Another adverse effect of sugar cane crops is the increased of the sediment transport to watercourses, causing their sedimentation. Thus, the changes in aquatic systems linked to sugar cane crops have an anthropogenic impact on these environmental systems, promoting different effects at different biological, economic, social and public health levels.
Since metals can be leached into river waters, it is important studying their behaviour given the environmental concern related to the impact they cause, since they are non-biodegradable inorganic and often toxic substances, even at low concentrations [5] . Equally important as the analysis of the total amount of metals, is studying the metal species found in the environment, known as chemical speciation. There are many parameters which can influence the reactivity of available metals, such as pH, particles in suspension, colloidal materials and the concentration of organic substances, which play an important role in the behaviour of metals in aquatic environments [6] . Evaluating the total and dissolved metal concentrations requires understanding the general characteristics of a water body and the drainage basin under study [7] , since the river metal load depends on the geological, ecological and seasonal characteristics of the drainage basin and the type of human activity that takes place in its area of influence.
In Brazil there are still no studies addressing levels of total and dissolved metal in river water in areas of sandy soils with intense agricultural activity related to sugar cane crops. The Monjolo Grande Stream basin has a predominantly agricultural land use associated with sugar cane crops, with no adjacent urban and 
Study Area
The Monjolo Grande Stream is part of the drainage network of the Corumbataí River basin, which has an important regional role in the supply of industrial and domestic water to the municipalities in its basin and neighbouring basins, such as the cities of Rio Claro and Piracicaba (Figure 1 
Materials and Methods
To assess the riverine flow of total and dissolved metals in the Monjolo Grande Guide for Collection and Preservation of Water Samples [11] . The discharge at the sampling point was determined by Equation (1). ) were characterized using a multiparametric probe YSI 556 (Xylem, Inc.), with direct reading at the sampling site [12] . The pH electrode was calibrated using a standard solution with pH 4.00 (4.01˚C ± 0.01˚C to 25˚C ± 0.2˚C) and 7.00 (7.01˚C ± 0.01˚C to 25˚C ± 0.2˚C). The conductivity meter was calibrated using a standard solution
), with known electrical conductivity of 147 μS•cm −1 at 25˚C.
To quantify the total concentration of Al, Ba, Fe, Mn and Ni, the surface water samples were acidified with HNO 3 distilled to 2% (pH < 2), and subjected to a digestion procedure following the EPA 3010A procedures [13] . The dissolved concentration was determined by in situ filtration of the surface water samples using a 45 µm Millipore filter (Merck Millipore Corp) attached to a 20 mL dis- ). , indicating the occurrence of good oxygenation due to small waterfalls along its course. Table 2 , respectively.
Results and Discussion

Physical and Chemical Parameters
The concentrations of these metals change in the total and dissolved fractions, 
Daily and Annual Fluxes of Al, Fe, Ba, Mn and Ni
The chemical dynamics of a river in areas with no major environmental impacts related to water pollution using Equation (3) [17] . ).
At the Monjolo Grande Stream, most of the total or dissolved Al, Ba, Fe and Mn transport occurs in the higher temperature months (Table 3) . February was the month with the highest transport rates of these metals in their total and dissolved fractions due to the significant discharge increase. The results in Table 3 show that 90% Ba and 81% Mn were transported annually in the dissolved frac- 
Natural Water/Rock-Soil Interactions
The chemical weathering reactions are responsible for the presence of dissolved chemical elements in the river water, in addition to rainwater in the watersheds, which have significant human activities. These reactions are strongly influenced by the type of primary minerals, climate, biosphere and time [19] . Stream, a dilution effect of its dissolved concentrations could be expected in the rainy season, meaning that the highest rates would correspond to the dry months, as described earlier for the dissolved transport of Na, K, Ca and Mg by the Monjolo Grande Stream [19] . However, in this study the results demonstrated an inverse dilution effect that should have occurred naturally (Table 2) .
The relationship between the concentration these dissolved metals and the flow at each sampling site suggests another source of contribution, besides the natural one associated with the water/rock-soil interaction processes, for the presence of these metals in the Monjolo Grande Stream waters.
The higher concentrations of dissolved uranium and phosphate in Corumbataí River are also more pronounced during the wet periods when natural and fertilizer-derived U are more easily released from the soil cover [5] . In addition, the 226 Ra, Ra > 232 Th [21] . Another study conducted at the Corumbataí River basin showed that the Cd, Cr, Cu, Ni, Pb and Zn incorporated in phosphate fertilizers and amendments are annually added in the sugar cane crops, but if used in accordance with the recommended rates, they do not raise the concentration levels in soils to hazardous values [3] . However, these metal concentrations in a sediment core increased progressively from 1974 to 2000 due to anthropogenic ac- and Mn using diffusive gradients in thin films (DGT) and a toxicity test have provided additional information on how the increase of these metals affect surface water with benthic and epibenthic organisms.
Conclusion
The 
